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(54) COATING FILM HAVING LOW REFRACTIVE INDEX AND WATER REPELLENCY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a coating film 
which closely adheres to a substrate and having a low 
refractive index and a large angle of contact with water 
by heat- curing a coating film of a solution of a 
polysiloxane prepared by cbcondensing an alkoxy 
organosilicon having a specified composition in the 
absence of water on the surface of a substrate. 
SOLUTION: A reaction mixture is formed by mixing a 
silicon compound (A) represented by formula I (wherein 
R is a 1-5 C alkyi) with a silicon compound (B) 
represented by formula I (wherein R1 is a 1-5 C alkyI; 
and (n) is 0-12). a 1-13 C alkyI alcohol (C) and oxalic 
acid (D) in such amounts that 0.05-0.43mol of B is 
present per mol of A, 0.5-1 OOmol of C and 0.2-2mol of D 

are present per mol of the total alkoxyls of A and B, and 0.5-1 Owt.% (in terms of the Si atom) 
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Si02 is present. This solution is heated to 50-180'=*C in the absence of water until the total 
residual amount of A and B decreases to 5mol% or below to form a polysiloxane solution. A 
coating fluid containing this solution is applied, and the coating film is heat-cured at 80-450°C 
to obtain a coating film having a refractive index of 1 .28 and an angle of contact with water of 
90-115 degrees. This film is useful as an antireflection film. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by lihe use of this -translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The following general formula (1) 
Si4 (OR) (1) 

(— however, R expresses the alkyl group which has 1-5 carbon atoms.) ~ the silicon compound (A) 
shown and the following general formula (2) 
CF3 n CH(CF2)2 CH2 Si(ORl)3 ... (2) 

(~ however, Rl expresses the alkyl group which has 1-5 carbon atoms, and n expresses the integer of 0 
to 12.) — the silicon compound (B) shown and the following general formula (3) 
R2 CH2 OH (3) 

(~ however, unsubstituted [ in which R2 has a hydrogen atom or 1-12 carbon atoms ] ~ or the alkyl 
group which has a substituent is expressed.) - with the alcohol (C) shown In oxalic acid (D), silicon 
(compound A) 1 mol is received. Into a silicon (compound B) 0.05-0.43 mol ratio As opposed to one 
mol of all alkoxy groups contained in a silicon compound (A) and a silicon compound (B) into a 
(alcohohc [ C ]) 0.5-100 mol ratio And the reaction mixture contained into a (oxalic acid D) 0.2-2 mol 
ratio to one mol of all alkoxy groups contained in a silicon compound (A) and a silicon compound (B) is 
made to form. And 0.5 - 10% of the weight of Si02 into which this reaction mixture was converted from 
the silicon atom in it Maintaining un-existing [ of water ], while maintaining to concentration Until all 
the ullage of the silicon compound in a reaction mixture concemed (A) and a silicon compound (B) 
becomes less than [ 5 mol % ] The solution of the polysiloxane which this produced by heating at 50- 
180 degrees C is made to generate. Subsequently, the coating liquid containing the solution of the 
polysiloxane concemed is applied to a base material front face. And the method of making the coat in 
which the refractive index of 1.28-1.38 and the water contact angle of 90 - 1 15 degrees which are 
characterized by carrying out heat curing of the paint film obtained by this spreading at 80-450 degrees 
C are shown stick and form in the base material front face concemed. 

[Claim 2] In formation of a reaction mixture A silicon compound (A), a silicon compound (B), Besides 
alcohol (C) and oxalic acid (D), as denaturant (E), methyl trimetoxysilane. Methyl triethoxysilane, 
ethyltrimethoxysilane, ethyltriethoxysilane, Propyltrimethoxysilane, propyl triethoxysilane, 
butyltrimethoxysilane, Epoxybutyltriethoxysilane, pentyl trimethoxysilane, pentyl triethoxysilane, 
Heptyl trimethoxysilane, heptyl triethoxysilane, octyl trimethoxysilane, Octyl triethoxysilane, dodecyl 
trimethoxysilane, dodecyltriethoxysilane, Hexadecyl trimethoxysilane, hexadecyl triethoxysilane, 
Octadecyltrimethoxysilane, octadecyl triethoxysilane, Phenyltrimethoxysilane, phenyltriethoxysilane, 
vmyltrimetoxysilane, Vinyltriethoxysilane, gamma-aminopropyl trimethoxysilane, gamma-aminopropyl 
triethoxysilane, gamma-glycidoxypropyltrimetoxysilane, gamma-glycidoxy propyltriethoxysilane, 
gamma-methacryloxpropyl trimethoxy silane, gamma-methacryloxypropyl triethoxysilane. The 
approach according to claim 1 of using together a kind of alkyl [ at least ] alkoxysilane chosen from the 
group which consists of dimethyldimethoxysilane and dimethyl diethoxysilane in ratio of 0.02-0.2 mols 
to silicon (compoimd A) 1 mol. 

[Claim 3] The approach according to claim 1 or 2 of using together at least a kind of sol chosen from the 
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group which consists of a silica sol, alumina sol, a titania sol, a zirconia sol, a magnesium fluoride sol, 
and a ceria sol as an additive (F) of coating liquid. 
[Claim 4] The following general formula (1) 
Si4 (OR) (1) 

(— however, R expresses the alkyl group which has 1-5 carbon atoms.) — the silicon compound (A) 
shown and the following general formula (2) 
CF3 n CH(CF2)2 CH2 Si(ORl)3 ... (2) 

(— however, Rl expresses the alkyl group which has 1-5 carbon atoms, and n expresses the integer of 0 
to 12.) ~ the siUcon compound (B) shown and the following general formula (3) 
R2 CH2 OH (3) 

(— however, unsubstituted [ in which R2 has a hydrogen atom or 1-12 carbon atoms ] — or the aUcyl 
group which has a substituent is expressed.) — with the alcohol (C) shown In oxaUc acid (D), siUcon 
(compound A) 1 mol is received. Into a silicon (compound B) 0.05-0.43 mol ratio As opposed to one 
mol of all alkoxy groups contained in a silicon compoimd (A) and a siUcon compound (B) into a 
(alcoholic [ C ]) 0.5-100 mol ratio And the reaction mixture contained into a (oxalic acid D) 0.2-2 mol 
ratio to one mol of all alkoxy groups contained in a silicon compound (A) and a silicon compound (B) is 
made to form. And 0.5 - 10% of the weight of Si02 into which this reaction mixture was converted from 
the silicon atom in it Maintaining xm-existing [ of water ], while maintaining to concentration Until all 
the ullage of the silicon compound in a reaction mixture concerned (A) and a silicon compound (B) 
becomes less than [ 5 mol % ] The solution of the polysiloxane which this produced by heating at 50- 
180 degrees C is made to generate. Subsequently, the coat in which it is stuck and formed in the above- 
mentioned base material front face by carrying out heat curing of the paint film obtained by this 
spreading at 80-450 degrees C by applying the coating liquid containing the solution of the polysiloxane 
concemed to a base material front face, and the refractive index of 1 .28-1 .38 and the water contact angle 
of 90 - 115 degrees are shown. 

[Claim 5] In formation of a reaction mixture A silicon compound (A), a silicon compound (B), Besides 
alcohol (C) and oxaUc acid (D), as denaturant (E), methyl trimetoxysilane. Methyl triethoxysilane, 
ethyltrimethoxysilane, ethyltriethoxysilane, Propyltrimethoxysilane, propyl triethoxysilane, 
bulyltrimethoxysilane, Epoxybutyltriethoxysilane, pentyl trimethoxysilane, pentyl triethoxysilane, 
Heptyl trimethoxysilane, heptyl triethoxysilane, octyl trimethoxysilane, Octyl triethoxysilane, dodecyl 
trimethoxysilane, dodecyltriethoxysilane, Hexadecyl trimethoxysilane, hexadecyl triethoxysilane, 
Octadecyltrimethoxysilane, octadecyl triethoxysilane, Phenyltrimethoxysilane, phenyltriethoxysilane, 
vinyltrimetoxysilane, Vinyltriethoxysilane, ganama-aminopropyl trimethoxysilane, gamma-aminopropyl 
triethoxysilane, gamma-glycidoxypropyltrimetoxysilane, gamma-glycidoxy propyltriethoxysilane, 
gamma-methacryloxpropyl trimethoxy silane, gamma-methacryloxypropyl triethoxysilane. The coat 
according to claim 4 which uses together a kind of alkyl [ at least ] alkoxysilane chosen from the group 
which consists of dimethyldimethoxysilane and dimethyl diethoxysilane in ratio of 0.02-0.2 mols to 
silicon (compoimd A) 1 mol. 

[Claim 6] The coat according to claim 4 or 5 which uses together at least a kind of sol chosen from the 
group which consists of a silica sol, alimiina sol, a titania sol, a zirconia sol, a magnesium fluoride sol, 
and a ceria sol as an additive (F) of coating Uquid. 



[Translation done.] 
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* NOTICES * 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to amelioration of the coat formed on a base material from 
the polymer solution of an alkoxy group content silicon compound. Especially this invention relates to 
the coat which is stuck and formed in the base material front face concemed, and has a low refractive 
index and a large water contact angle by carrying out heat curing of the paint fihn which consists of a 
solution of the polysiloxane which comes to carry out copolycondensation of the alkoxy group content 
silicon compound which has a specific presentation to the bottom of un-existing [ of water ] on a base 
material front face. 
[0002] 

[Description of the Prior Art] Before, if the coat in which a refractive index lower than the refractive 
index of a base material is shown is made to form in the front face of the base material concemed, it is 
known that the reflection factor of light reflected from the front face of the coat concemed will fall. And 
the coat in which such a lowered rate of a light reflex is shown is used as light reflex prevention film, 
and is applied to various base material front faces. In JP,5- 105424, A, the magnesium salt as a source of 
Mg, an alkoxy magnesium compound, etc., MgF2 made to generate by making the fluoride salt as a 
source of F react Alcoholic dispersion liquid of a particle. Or the method of making the antireflection 
film in which a low refractive index is shown form on the base material concemed by heat-treating at 
100-500 degrees C is indicated by using as coating liquid the liquid which added tetra-alkoxysilane etc. 
to this for the improvement in film on the strength, and applying this on glass base materials, such as the 
Braun tube. 

[0003] In JP,6-157076,A, tetra-alkoxysilane, methyl trialkoxysilane, By mixing two or more sorts from 
which it is hydrolysis condensation polymerization objects, such as ethyl trialkoxysilane, and a mean 
molecular weight differs, and solvents, such as alcohol, coating liquid and nothing. By heating this by in 
forming a coat from the coating liquid concemed, adding means, such as control of the mixed rate in the 
case of the above-mentioned mixing, and relative humidity, and building a coat The low reflective glass 
which made the thin film with a thickness of 60-160nm which has the micro pit or irregularity which 
shows the refractive index of 1.21-1.40, and has a 50-200nm diameter form on a glass substrate is 
indicated. 

[0004] The low reflection factor glass which becomes JP,3-23493,B from glass, the lower layer fihn 
which has the high refractive index made to form in the front face, and the upper film which has the low 
refractive index made to form in the front face fiarther is indicated, this official report ~ as the detail of 
the formation approach of that upper fihn - CF3(CF2)2C2H4Si (OCH3)3 etc. - with the fluorine- - 
containing silicone compound which has a poly fluorocarbon chain On the other hand, 5 - 90% of the 
weight of Si(OCH3) 4 grade silane coupling agent Among the alcohoUc solvent, after making it 
hydrolyze at a room temperature xmder existence of a catalyst, such as an acetic acid, the liquid of a 
copolycondensation object is prepared, subsequently to the above-mentioned lower layer film top this 
Uquid is apphed, and the approach of consisting of heating at 120-250 degrees C is indicated by by 
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filtering. 
[0005] 

[Problem(s) to be Solved by the Invention] It is necessary to repeat a spreading process and a baking 
process, and it is not not only efficient, but by the approach of making a coat forming on a base material 
given in above-mentioned JP,3-23493,B at a multilayer, by the repeat of a baking process, a crack arises 
on a coat, or a generation coat also tends to become an imuniformity, and deformation of a base material 
tends [ further ] to take place. Furthermore, in order to give a low refractive index to the upper film 
formed from the coating liquid obtained by the approach of this hydrolysis, the activity of the fluorine- 
containing silicone compound of a Ll-mol or more thing large quantity is needed to one mol of silane 
coupling agents, and the coat which has a refractive index lower than 1 .33 such even case is not 
obtained. And the coat obtained by the approach of heating that paint film does not have sufficient 
degree of hardness by applying directly the coating liquid obtained by the approach of this hydrolysis on 
a base material. 

[0006] an approach given in above-mentioned JP,5- 105422, A - MgF2 the coat formed since the 
bonding strength between particles was weak — a mechanical strength — scarce ~ and the adhesion force 
with a base material not being not only enough, either but MgF2 from - this becoming coat does not 
show a refractive index smaller than 1.38 in essence, and does not discover sufficient Hght reflex 
tightness depending on the class of base material. Manufacture of the condensate which has different 
molecular weight by the approach given in above-mentioned JP,6-157076,A, its combination, etc. take 
control of relative humidity and coat surface irregularity etc. fijrther with remarkable complicatedness at 
the time of coat formation, and this approach is lacking in practicability. 

[0007] Applying fiulher a water-repellent high processing agent, for example, the antifouling processing 
agent which consists of a fluorine-containing compound, on the front face for both a coat given in 
above-mentioned JP,5-105422,A and a coat given in above-mentioned JP,6-157076,A, in order that the 
front face may prevent dirt and this which becomes empty during practical use is performed. This 
invention tends to be efficient simple, it is going to offer the approach of making the coat improved on 
the base material forming, and the water contact angle of 90 - 1 1 5 degrees tends to be especially 
indicated to be the refractive index of 1.28-1 .38 on a base material, and it is going to offer the coat 
formed in the front face of the base material concemed by sticking. 
[0008] 

[Means for Solving the Problem] The coat of this invention is the following general formula (1). 
Si4 (OR) (1) 

(~ however, R expresses the alkyl group which has 1-5 carbon atoms.) - the sihcon compound (A) 
shown and the following general formula (2) 
CF3 n CH(CF2)2 CH2 Si(ORl)3 ... (2) 

(~ however, Rl expresses the alkyl group which has 1-5 carbon atoms, and n expresses the integer of 0 
to 12.) — the sihcon compound (B) shown and the following general formula (3) 
R2CH2 0H (3) 

(~ however, unsubstituted [ m which R2 has a hydrogen atom or 1-12 carbon atoms ] - or the alkyl 
group which has a substituent is expressed.) - with the alcohol (C) shown In oxalic acid (D), silicon 
(compoimd A) 1 mol is received. Into a sihcon (compoimd B) 0.05-0.43 mol ratio As opposed to one 
mol of all alkoxy groups contained in a silicon compoimd (A) and a sihcon compound (B) into a 
(alcoholic [ C ]) 0.5-100 mol ratio And the reaction mixture contained into a (oxaUc acid D) 0.2-2 mol 
ratio to one mol of all alkoxy groups contauied in a silicon compound (A) and a silicon compound (B) is 
made to form. And 0.5 - 10% of the weight of Si02 into which this reaction mixture was converted from 
the sihcon atom in it Maintaming un-existing [ of water ], while maintaining to concentration Until all 
the ullage of the silicon compound in a reaction mixture concemed (A) and a sihcon compound (B) 
becomes less than [ 5 mol % ] The solution of the polysiloxane which this produced by heating at 50- 
180 degrees C is made to generate. Subsequently, the coating liquid containing the solution of the 
polysiloxane concemed is applied to a base material front face. And by carrying out heat curing of the 
paint fihn obtained by this spreading at 80-450 degrees C, it is stuck and formed in the above-mentioned 
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base material front face, and this coat shows the refractive index of 1.28-1.38, and the water contact 
angle of 90 - 115 degrees. 

[0009] The solution of the above-mentioned polysiloxane is transparent and the gel polysiloxane is not 
contained. Although a lot of alcohol (C) and comparatively a lot of oxalic acid (D) live together, since a 
siUcon compoimd (A) and a silicon compoimd (B) are heated, this polysiloxane is not what was 
generated by the condensation of the hydrolyzate of a silicon compound (A) and a silicon compound (B) 
in the reaction mixture with which water does not exist. Although muddiness arises in liquid or it is easy 
to generate an imeven polysiloxane in it along with progress of hydrolysis when making a polysiloxane 
generate from alkoxysilane by the approach of hydrolysis among an alcohoUc solvent, such a thing does 
not happen in the above-mentioned reaction mixture by this invention. 

[0010] Although the above-mentioned polysiloxane by this invention of the chemical structure is 
complicated and it is hard to specify it Since alcohol (C) acts on the intermediate field probably 
generated by the reaction of a silicon compound (A) and a silicon compound (B), and oxalic acid (D) 
and a polymerization advances it is thought that the copolycondensation object polysiloxane of a silicon 
compound (A) and a silicon compound (B) which has the polymerization degree of extent which forms a 
solution and has the structure which was comparatively alike and gathered generates it even if it has 
branching structure. 

[001 1] With heating of the paint film containing the solution of the above-mentioned polysiloxane 
applied on the base material, the insoluble coat which has a low refractive index and water repellence by 
sticking to the base material front face concerned when the hardening reaction of a polysiloxane 
advances in clearance and the paint film concemed of a volatile constituent from the paint fihn 
concerned generates. The refractive index of this coat becomes low, and the contact angle with water 
becomes large, so that the mole ratio of the amotmt of a silicon compound (B) to the amount of a silicon 
compound (A) is large. However, in spite of the coat of this invention being different from the upper 
film of a publication at said XP,3-23493,B and being formed from coating liquid with the low content of 
a siUcon compound (B), it has a refractive index lower than the refractive index which the above- 
mentioned up layer membrane shows. 
[0012] 

[Embodiment of the Invention] As an example of aUcyl group R contained in said general formula (1), 
methyl, ethyl, propyl, butyl, pentyl, etc. are mentioned and a tetramethoxy silane, a tetra-ethoxy silane, 
tetra-propoxysilane, tetra-butoxysilane, etc. are mentioned as an example of a desirable silicon 
compound (A). A tetramethoxy silane, especially a tetra-ethoxy silane, etc. are desirable also in these. 
[0013] Alkyl group Rl contained in said general formula (2) As an example, methyl, ethyl, propyl, 
butyl, pentyl, etc. can be mentioned, trifluoropropyl trimetoxy silane, trifluoropropyl triethoxysilane, 
trideca fluoro octyl trimethoxysilane, trideca fluoro octyl triethoxysilane, heptadecafiuorodecyl 
trimethoxy silane, heptadeca fluoro decyltriethoxy silane, etc. can be mentioned as an example of a 
desirable silicon compound (B), and these are independent, or they can be combined two or more sorts 
and can be used. 

[0014] Unsubstituted alkyl group R2 contained in said general formula (3) It is the alkyl group R2 which 
methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, etc, are mentioned, and has a substituent as an 
example. As an example, hydroxyinethyl, methoxymethyl, ethoxy methyl, hydroxyethyl, methoxy ethyl, 
ethoxyethyl, etc. are mentioned. As an example of desirable alcohol (C), a methanol, ethanol, propanol, 
n-butanol, ethylene glycol monomethyl ether, ethylene glycol monoethyl ether, the diethylene-glycol 
monomethyl ether, diethylene glycol monoethyl ether, propylene glycol monomethyl ether, the 
propylene glycol monoethyl ether, etc. can be mentioned, and these are independent, or they can be 
combined two or more sorts and can be used. Ethanol is desirable also especially in these. 
[0015] SiUcon compound (A) The solution of the polysiloxane which has homogeneity is not obtained 
from the reaction mixture which used 0.43 mols or more of silicon compounds (B) to one moL And 
from the reaction mixture which used 0.05 mols or less of silicon compoimds (B) to the siUcon 
(compound A) 1 mol, the coat which has 1.38 or less refractive index is not formed, and the coat does 
not show the water repellence which shows 90 contact angles or more of water. Silicon compound (A) It 



ht^ ://www4 .ipdl .ncipi .go .jp/cgi-bin/tran_web_cgi_ejj e 9/29/2006 



;P,0§-208898,A [DETAILED 



Page 4 of 8 



is desirable especially to use 0.05-0.25 mols (B) of silicon compounds to one mol. 
[0016] If the alcohol of an amount with few all alkoxy groups contained in a silicon compoimd (A) and 
a silicon compound (B) than 0.5 mols per mol is used, from the polysiloxane content liquid which 
required the long time making a polysiloxane generate, and was obtained, a coat with a high degree of 
hardness will not generate. Si02 of the polysiloxane content liquid obtained when the alcohol of an 
amount with more all alkoxy groups to objection contained in a silicon compound (A) and a silicon 
compound (B) than 100 mols per mol was used It needs [ concentration runs short and ] concentration 
before spreading and is not efficient. It is desirable especially to use 1-50 mols of alcohol to one mol of 
all the alkoxy groups contained in a siHcon compound (A) and a silicon compound (B). 
[0017] If the oxalic acid (D) of an amount with few all alkoxy groups contained in a silicon compoimd 
(A) and a silicon compound (B) than 0.2 mols per mol is used, from the obtained polysiloxane content 
Uquid, a coat with a high degree of hardness will not generate. If the oxalic acid (D) of an amount with 
more all alkoxy groups to objection contained in a silicon compound (A) and a silicon compound (B) 
than two mols per mol is used, the inside of the obtained polysiloxane content Uquid will contain a lot of 
oxalic acid (D) relatively, and the coat of the engine performance made into the object will not be 
obtained from this liquid. It is desirable especially to use 0.25-1 mol (D) of oxalic acid to one mol of all 
the alkoxy groups contained in a silicon compound (A) and a silicon compound (B). 
[0018] In formation of a reaction mixture, the alkyl alkoxysilane as about 0.02-0.2-mol denaturant (E) 
other than the above-mentioned silicon compoimd (A), a siUcon compound (B), alcohol (C), and oxalic 
acid (D) may be used together to silicon (compoimd A) 1 mol, corresponding to a request. As an 
example of desirable denaturant (E), methyl trimetoxysilane, methyl triethoxysilane, 
Ethyltrimethoxysilane, ethyltriethoxysilane, propyltrimethoxysilane. Propyl triethoxysilane, 
butyltrimethoxysilane, epoxybutyltriethoxysilane, Pentyl trimethoxysilane, pentyl triethoxysilane, heptyl 
trimethoxysilane, Heptyl triethoxysilane, octyl trimethoxysilane, octyl triethoxysilane, Dodecyl 
trimethoxysilane, dodecyltriethoxysilane, hexadecyl trimethoxysilane, Hexadecyl triethoxysilane, 
octadecyltrimethoxysilane, Octadecyl triethoxysilane, phenyltrimethoxysilane, phenyltriethoxysilane, 
Vinyltrimetoxysilane, vinyltriethoxysilane, gamma-aminopropyl trimethoxysilane, gamma-aminopropyl 
triethoxysilane, gamma-glycidoxypropyltrimetoxysilane, gamma-glycidoxy propyltriethoxysilane, 
gamma-methacryloxpropyl trimethoxy silane, Dialkoxy silanes, such as trialkoxysilane, such as gamma- 
methacryloxypropyl triethoxysilane, and dimethyldimethoxysilane, and dimethyl diethoxysilane, are 
mentioned. These are independent, or can be combined two or more sorts and can be used. 
[0019] Such denaturant (E) can reduce die temperature for stiffening the paint film on a base material, 
and raises the adhesion over the base material of a coat. The reaction mixture containing the above- 
mentioned silicon compound (A), a silicon compound (B), alcohol (C), and oxalic acid (D) can be made 
to form by [ which mix these ] depending especially or adding the above-mentioned denaturant (E) to 
these further. Water is not added to this reaction mixture. And heating as a solution-like reaction mixture 
preferably is desirable, for example, after this reaction mixture adds oxalic acid (D) to alcohol (C) 
beforehand and makes the alcohohc solution of oxalic acid form, it is desirable [ a reaction mixture ] to 
heat as a reaction mixture of the shape of a solution acquired by mixing a silicon compound (A), a 
silicon compound (B), the above-mentioned denaturant (E), etc. with the solution concerned. Usually, 
the reaction mixture of the above-mentioned ratio of a silicon compound (A), a silicon compound (B), 
alcohol (C), and oxalic acid (D) is the silicon atom contained in this Si02 When it converts, it is 0.5 - 
10% of the weight of Si02. It has concentration. It is the silicon atom which is contained at this also in 
the case of the reaction mixture containing the above-mentioned denaturant (E) Si02 It converts and is 
0.5 - 10% of the weight of Si02. The above-mentioned denaturant (E) contains so that it may have 
concentration. And between heating of these reaction mixtures and these reaction mixtures are the above 
Si02. Un-existing [ of concentration and water ] is maintained. It is among a direct- vent-system 
container, or is carried out to the bottom of reflux so that this heating can be performed at 50-180 
degrees C of the usual solution temperature in a reactor and evaporation of liquid, vaporization, etc. may 
not happen from a reactor preferably. 

[0020] If heating for making a polysiloxane generate is performed at temperature lower than 50 degrees 
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C, since it will have muddiness or will be easy to generate the liquid containing a non-melt, this heating 
is performed at temperature higher than 50 degrees C, and can terminate an elevated temperature for a 
short time. However, heating at temperature higher than 180 degrees C does not bring about an 
additional profit, but is inefficient-like. When there was especially no limit in heating time, for example, 
it is enough in about 3 hours under 78-degree C reflux and the ullage of these silicon compound usually 
became less than [ 5 mol % ] to all the charges of a siUcon compoimd (A) and a silicon compound (B) 
for about 8 hours at 50 degrees C, heating stops. When the polysiloxane content liquid with which many 
these silicon compounds remain rather than five-mol % to the whole quantity of the used silicon 
compound (A) and a silicon compound (B) applies this to a base material front face and heat curing of 
the paint film is subsequently carried out at 80 to 450 degrees C, a pinhole is not generated or the coat 
which has sufficient degree of hardness for the obtained coat is not obtained. 

[0021] The solution of the polysiloxane obtained by the above-mentioned heating can be used as coating 
Uquid obtained by mixing with a desired additive (F) by using as coating liquid the liquid obtained by 
permuting by other solvents, using as coating liquid the liquid obtained by condensing or diluting 
according to a request although it can be used for the following spreading process as coating liquid as it 
is or. As an example of this additive (F), the silica sol which is the gestalt of the sol of a colloid 
inorganic particle, alumina sol, a titaxiia sol, a zirconia sol, a magnesium fluoride sol, and a ceria sol can 
be mentioned, and these are independent, or they can be combined two or more sorts and can be used. 
And as these sols, an organosol is desirable and especially the organosol that makes especially alcohol 
(C) a dispersion medium is desirable. Moreover, to the heat-curing solid content all weight of coating 
liquid, the addition of a sol can choose a desired amount as arbitration, if colloid inorganic particle 
weight is 70 or less % of the weight. In addition, a metal salt, metallic compounds, etc. are mentioned as 
an additive (F). These are convenient although the water repellence of a coat is adjusted. 
[0022] As this coating liquid used for a spreading process, it is the silicon atom which originates in the 
transparence solution of the above-mentioned polysiloxane in it Si02 The Uquid which is converted and 
is contained 0.5 to 10% of the weight is desirable, and it is this Si02. The thickness of the coat which 
will be formed by one spreading if concentration is smaller than 0.5 % of the weight tends to become 
thin, and if this concentration is higher than 10 % of the weight, the storage stability of this coating 
liquid tends to run short. Si02 of this coating Uquid Especially as concentration, 2 - 8 % of the weight is 
desirable. 

[0023] As a base material, if generation of an adhesion coat is permitted on this, there will be especially 
no Umit, but [ especially ] in order to make a Ught reflex prevention coat form, the base material which 
has a refractive index hi^er than the refi-active index of coats, such as usual glass and plastics, is 
desirable. The coating liquid containing the solution of the above-mentioned polysiloxane or this can be 
applied on a base material by the usual approach, for example, a dip method, the spin coat method, brush 
painting, the roll coat method, a flexographic printing method, etc. 

[0024] although heat curing of the paint fiUn formed on the base material may be carried out as it is - 
this - preceding ~ room temperature - 80-450-degree C 80 degrees C are preferably heated at 100-450 
degrees C, after making it dry at 50-80 degrees C preferably. As time amoimt of this heating, it is 
enough in about 5-60 minutes. If whenever [ this stoving temperature ] is lower than 80 degrees C, the 
degree of hardness of the obtained coat, chemical resistance, etc. tend to run short. Although it is good 
to heat at the temperature of 300 degrees C or more to a heat-resistant base material like glass generally, 
temperature higher than 450 degrees C does not give sufficient water repellence for the obtained coat. 
These heating can be performed by using the usual approach, for example, a hot plate, oven, a belt 
furnace, etc. 
[0025] 
[Example] 

The ethanol solution of oxaUc acid was prepared by supplying ethanol 70. 8g to 4 opening reaction flask 
equipped with example 1 reflux tubing, and adding 12.0g of oxalic acid small quantity every to this 
ethanol under churning. Subsequently, this solution was heated to that reflux temperature, and mixture 
(tetra-ethoxy silane 1 l.Og and trideca fluoro octyl trimethoxysilane 6.2g) was dropped into this solution 
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under reflux. It is the solution (LI) of a polysiloxane by cooling it, after after dropping termination 
continues heating under reflux for 5 hours. It prepared. 

[0026] This solution (LI) The alkoxide monomer was not detected when the gas chromatography 
analyzed. This solution (LI) After applying to the front face of a calcium-fluoride substrate, the coat 
stuck to the front face of this calcium-fluoride substrate was made to generate by heating that paint film 
at 300 degrees C for 30 minutes. Subsequently, when the spectrum of the transmitted Ught was 
measxxred about this coat using the infrared spectrometer, absorption by C-F was observed [ the 3200cm- 
1 neighborhood and the 980cm- 1 neighborhood ] to the 2800cm- 1 neighborhood at absorption according 
absorption according absorption by the silanol group to a methylene group to Si-O-Si to the 1 lOOcm-1 
neighborhood, and the 1 200cm- 1 neighborhood, respectively. 

[0027] The ethanol solution of oxalic acid was prepared by supplying ethanol 72.4g to 4 opening 
reaction flask equipped with example 2 reflux tubing, and adding 12.0g of oxalic acid small quantity 
every to this ethanol under chuming. Subsequently, this solution was heated to that reflux temperature, 
and mixture (tetra-ethoxy silane 12.5g and trideca fluoro octyl trimethoxysilane 3.1g) was dropped into 
this solution under reflux. It is the solution (L2) of a polysiloxane by cooling it, after after dropping 
termination continues heating under reflux for 5 hours. It prepared. This solution (L2) The alkoxide 
monomer was not detected when the gas chromatography analyzed. 

[0028] The ethanol solution of oxaUc acid was prepared by supplying ethanol 70.6g to 4 opening 
reaction flask equipped with example 3 reflux tubing, and adding 12.0g of oxahc acid small quantity 
every to this ethanol under chuming. Subsequently, this solution was heated to that reflux temperature, 
and mixture (tetra-ethoxy silane 9.4g, trideca fluoro octyl trimethoxysilane 6.2g, and 1.2g [ of gamma- 
glycidoxypropyltrimetoxysilane ] and gamma-aminopropyl trimethoxysilane 0.6g) was dropped into this 
solution imder reflux. It is the solution (L3) of a polysiloxane by cooling it, after atfter dropping 
termination continues heating under reflux for 5 hours. It prepared. This solution (L3) The alkoxide 
monomer was not detected when the gas chromatography analyzed. 

[0029] It is the solution (L4) of a polysiloxane by adding 51.0g and ethanol 149g and fully mixing the 
methanol distribution silica sol which sets a colloid siUca with a particle diameter of 8nm to Si02, and 
contains it 15.7% of the weight in lOOg (L3) of solutions obtained in the example 4 example 3. It 
prepared. 

[0030] It is the solution (L5) of a polysiloxane by adding 76.4g and ethanol 223. 6g and fiilly mixing the 
methanol distribution silica sol which sets a colloid silica with a particle diameter of 8nm to Si02, and 
contains it 15.7% of the weight in lOOg (L3) of solutions obtained in the example 5 example 3. It 
prepared. 

[0031] The ethanol solution was prepared by supplying ethanol 43.7g, tetra-ethoxy silane 16.6g, and 
trideca fluoro octyl trimethoxysilane 9.3g to 4 opening flask equipped with example of comparison 1 
reflux tubing, and mixing. Subsequently, this solution was heated to that reflux temperature, and the 
mixture of O.lg of nitric acids was dropped at this solution under reflux as ethanol 24.9g, 5.4g of water, 
and a catalyst. Liquid with which after dropping termination consists of hydrolyzate of alkoxysilane by 
cooling after continuing heating under reflux for 5 hours (L6) It prepared. 

[0032] The ethanol solution of oxalic acid was prepared by supplying ethanol 72.0g to 4 opening 
reaction flask equipped with example of comparison 2 reflux tubing, and adding 11. 4g of oxalic acid 
small quantity every to this ethanol imder chuming. Subsequently, this solution was heated to that reflux 
temperature, and mixture (tetra-ethoxy silane 11. Og and octadecyltrimethoxysilane 5.6g) was dropped at 
this solution imder reflux. It is polysiloxane content liquid (L7) by cooling it, after after dropping 
termination continues heating under reflux for 5 hours. It prepared. 

[0033] The ethanol solution of a tetra-ethoxy silane was prepared by suppl3dng ethanol 53. 7g and tetra- 
ethoxy silane 20.8g to 4 opening reaction flask equipped with example of comparison 3 reflux tubing, 
and mixing. Subsequently, this solution was heated to that reflux temperature, and the mixture of O.lg of 
nitric acids was dropped at this solution imder reflux as ethanol 20.0g, 5.4g of water, and a catalyst. The 
liquid with which after dropping termination consists of hydrolyzate of alkoxysilane by cooling after 
continuing heating at reflux temperature for 5 hours was prepared. Subsequently, it is mixed liquor (L8) 
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by adding lOOg and ethanol 700g and fully mixing the methanol distribution silica sol which sets a 
colloid silica with a particle diameter of 12nm to Si02, and contains it 30% of the weight in this liquid 
whole quantity. It prepared. 

[0034] The coat was made to form on a substrate front face by drying this paint film at 80 degrees C on 
a hot plate for 5 minutes, and heating at the temperature subsequently to the table 1 in a firing fumace 
shown by using - (L8) as the example 6 above-mentioned liquid (LI) and coating liquid, after carrying 
out a spin coat and making a paint film form on a substrate, respectively. Subsequently, about the 
obtained coat, each measurement of a pencil degree of hardness, a refractive index, a reflection factor, a 
water contact angle, and thickness was performed by the following approach. 

[0035] The coat was formed in the front face of the soda lime glass substrate which has the refhictive 
index of 1.52, and 4 - 5% of reflection factor in measurement of the above-mentioned pencil degree of 
hardness, and measurement of a reflection factor, and the coat was formed on the surface of the silicon 
substrate in measurement of the above-mentioned refractive index. 

Measuring method of a pencil degree of hardness: JIS K 5400 It is based on the regular approach. 
Measuring method of a refractive index : ERIPUSOMETA DVA-36L by Mizojiri Optical Co., Ltd. was 
used, and the rate of optical refraction with a wavelength of 633nm was measured. 
[0036] Measuring method of a reflection factor : Spectrophotometer UV3100PC by Shimadzu Corp. 
was used, and the reflection factor of five incident angles [ of light with a wavelength of 550nm ] Ught 
was measured. 

Measuring method of a water contact angle: The automatic contact angle meter CA-Z mold made from 
Consonance Interface Science was used, and the contact angle when pure-water 3 microliter is dropped 
was measured. 

[0037] Measuring method of thickness : Post heating hardening was carried out, and about the obtained 
coat for which the blemish was attached to the paint film after desiccation by the cutter, the TARISU 
tetraethylpyrophosphate made from Rank Taylor HOBUSON was used, and it measured by measuring a 
level difference. 

These measurement result is shown in a table 1 . 

[0038] 

[A table 1] 

Table 1 Coating liquid Curing temperature Thickness Pencil degree of hardness Refractive index 
Reflection factor Water contact angle (degree C) (nm) (%) (degree) LI 300 100 7H 1.36 L2 105 LI 350 
98 8H 1.35 0.9 104 LI 450 98 8H 1.32 0.8 105 LI 550 95 8H 1.39 1.5 Ten or less L2 300 105 8H 1.38 
1.5 100 L3 100 977H 1.38 1.5 105L4 100 110 6H 1.35 1.1 103 L5 300 90 7H 1.29 0.6100 L6 300 100 
7H 1.42 2.3 95 L7 300 100 7H 1.43 2.3 80 L7 350 95 8H 1.42 2.3 30L7 450 93 8H 1.42 2.3 Ten or less 
L8 300 1 10 7H 1.33 0.9 As shown in the or less 10 table 1, it is coating liquid (LI) of an example. 
Although the coat of this invention was obtained even if it heated the paint film at which [ 300 degrees 
C, 350 degrees C, and 450 degrees C ] temperature Coating hquid (LI) When the paint film was heated 
at 550 degrees C, the coat of the example of a comparison in which the water contact angle of 10 or less 
degrees and the refractive index of 1.39 are shown was formed. 

[0039] Coating hquid of an example (L2) At 300 degrees C, it is coating liquid (L3) of an example. At 
100 degrees C, it is coating Uquid (L4) of an example. It is 100 degrees C and is coating liquid (L5) of 
an example. Each coat which heated, respectively and was obtained at 300 degrees C was good. No 
coats obtained by heating the paint film of the example coating liquid of a comparison (L7) prepared 
without using the example coating Uquid of a comparison (L6) obtained by the hydrolyzing method and 
a silicon compoimd (B) at 300 degrees C showed 1.38 or less refractive index. 

[0040] The hydrolysis Uquid of tetra-alkoxysilane, and coating Uquid of the example of a comparison 
containing a colloid siUca (L8) Although the coat formed by heating at 300 degrees* C showed the 
refractive index of 1.33, it showed the water contact angle of 10 or less degrees. 
[0041] 

[Effect of the Invention] Since it has the stability which is equal to the preservation for about six months 
in ordinary temperature, the solution of a polysiloxane used for formation of the coat of this invention 
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can be offered also as an industrial product. And the coat of this invention can be easily obtained 
according to the process which appHes the coating liquid containing the solution of this industrial 
product to a base material front face, and the process to which heat curing of that paint film is carried 
out. 

[0042] This base material can be easily transformed to the base material of light reflex tightness by 
making the coat of this invention form in the front face of the base material which has a refractive index 
higher than the refractive index of the coat of this invention, for example, usual glass. The thickness of 
the coat of this invention is Si02 of coating liquid, although it can adjust also with the thickness of a 
paint film. It can adjust easily by adjusting concentration. Although the coat of this invention is effective 
even if it uses it for a base material front face as a single coat, it can also be used as an upper coat on the 
lower layer coat which has a high refractive index. 

[0043] Between wavelength [ of the light which wishes decline in the reflection factor by this coat 
thickness / of a coat / d (nm) which has a refractive index a ] lambda (nm), it is known that the relational 
expression of d=(2b -1) lambda / 4a (however, b expresses one or more integers.) will be materialized. 
Therefore, the echo of a desired light can be easily prevented by defining the thickness of a coat using 
this formula. For example, the coat which has the refractive index of 1 .32 can attain easily acid resisting 
from the glass front face of the light which has the main wavelength of 550nm of the light by adopting 
the 104nm coating thickness obtained by substituting 1 for lambda and a of a top type at such nxmieric 
values and b, or the 312nm coating thickness obtained by substituting 2 for b. The coat of this invention 
is appUcable to the glass Braun tube with which acid resisting of light is desired, the display of a 
computer, the mirror which has a glass front face, a glass showcase, and other various product front 
faces. Since the coat of this invention has good water repellence again, it can also transform this 
hydrophilic radical material front face that is easy to become dirty on the surface of antifouling property 
by making this coat form in the base material front face of a hydrophilic property. 



[Translation done.] 
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(fib. R* l-'5^i<^>Ms^^l^=■4*■rsrJ^=1^;^ 

S4«b. *0-Cn(*. 0*^6 1 2 ©^^^^-r, ) V-k 

R' CH. OH • • • 



* ©MM. ±fB#P3^6 - 1 5 7 0 7 6#^fB(ciai£oM 
i-r-5^>©-C*0. iltJC. SW±CC. 1. 2 8~1. 3 

8 ommmt 9 0-^1 1 5K©*s«4ft%^u. 

10 fr5fc©"C*.5, 
[0 00 8] 

-IS^ (1) 
5« (2) 



*^?9©l!SJg». Tie 



(1) 



CH, S i (OR^ ) 



(2) 



inzmmit^ (B) i. Tta-jRS o) 



(3) 



(fiO. R' », 7k*M^-X« 1 ~ 1 2 ffl©!^ 

•r. ) ■c^$n5T;i/3-^i' (c) <fc. (D) t 

Hmit^ (A) i*;wc>>tL/r^^b^ (B) 

0. 05~0. 43*JU©ih*«:. ^^^b-^!gj (A) t 
mmit^^ (B) (C^Sn-5.^T;l':3+fSl*^KC*f 
L-CT;V3-;U (C) 0. 5 ~ 1 0 0 *Jl/©Jt*{c. ^ 

ursiSft^ (A) iS^^b^ (B) cc^stis^ 

T-iL-n^^^i/Sl ^;l-CCj*L/t:?gM (D) 0. 2~2-t>'l' 

©Jt^cc^wr-ssfSig^^^j&^s-i*. ^urcos 
j£^i^4. -€-©iti©a«/i-^^*^6^^$n/co.. 5~ 
1 ofia%©s i o, ijia[K:iHtj#-rsi^^cc7k©^a 

4*t^L/^c*s?>. ^mmjtM^fpmmit^<^ <A) s 

O'EI^'fb^i^ ( B ) <D±m^&ii^ 5 ^^b^tiTi ifeS * 

■c. 5 0~i 8 o*c-cj)ni8i-r-5ct{cj:o. cntcj;*) 

^D/c^';i'n+if>©®ig4^^S3-i*. ;jco-caK^ 

■€-Lt:c©^{c<l:«3»?>nfc^M*8 0~4 5 0 
•C-C^g|{b§-t±SC iKJ: (p±iaS«affi«:^«Lrjf$ 
fiSStl. •eLrc©|fti®l3:l. 2 8~1. 3 8©®Sf* 
S.J>*9 0~1 1 5S©*gcMft5:^t-, 
[0009] ±^jj< 'J >'a+-!f>©S?S»aM-c*o 

■c. y;ut^©5j<yi'CJ+iJ->w^Wuri,>^cc», ^s© 

Tjunwu (c) ttmm^m.<omsL (d) i{iifc??-r 

5*!. 7K*i#aU)S:l,>SJt:il^*-ca^{b^ (A) 
<b^»{b^^<B) i«jjn^$n.5>>&»6. C©;i<'J->a 
^^b^!^ (A) <i:^{b^ (B) ©jDTk 
^»-)!?«5©lffi^{Cj;r>-C^L.fc«>©r»fel», 



[0 0 10] *f|HjfcJ:.5±fS^yi^o+lJ->{3:. -?■© 
{b^«j^«ffiNirS)o-C!|t5EL*i/ct,»*s. *j*6<6l^ 
{t^!K) (A) Ri>^^lb^^ (B) ijg^ (D) <i;©Jg 

iE{cJ:9ifiSL/cttipBlft{cT-»i'3-;u (C) immijx: 



30 mm^mt i>^it^m (a) is^^b^^ (b) ©* 



^^-t; 'J n + -tj- > *i^js-r -s © i ^ ^ ^ n s . 
[0 0 1 1 ] si5j±tc^^5$tifc±iasj<i;i^D+-y->© 

^©^Si^te^^-c^ y i/^+■i^>©gg^bS^t;*5ji 

®*f*iS*tt4W-r-5^;^14©M)R*5^)S;-r-5. ^ 
-fb^i^ (A) ©*fC>pf-r.Sil*<b-^ (B) ©a©*^!/ 
l:b*i7^*C»S. C©«M©)l«T^«ig<ft»). *i/-r* 

40 MIBi^^ 3-23493 -^*RCCia*g©±aM <!: (*ta 

aUT, ^m^b^ (B) ©^W^©®t^^75«*^P.Jf$ 

[0012] 

[^Hj©3ii*©j^si] i5iB-«s ( 1 ) (c^sn^r 
50 '>i'-5>^j:<ir*5W6*is. cne©*-^^^ h'^^ h 



C5) 
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[0013] ffiflB— ^SC ( 2 ) (C$^tlST>H/+;l/SR 

--iv^^ji.j&^T&^ptf jfSL/C^sm^ (B) <D 

[0014] fSfia-MS ( 3 ) CC^Stl-SI^S^CDT Jl/ 
^>^;k •^+i^Jk ^:7'^;k :ti7^;i/^c<5:' 

tbx^t. bFn=^^^5^;k ^h^^w^JK xh=t- 
t^ji^M^ fcFT3+e^x^;k yh^^^^'X^^K xh^ 
i^x^;i/j:ci*^^W6tiSo Jf$Ll^r;^n^;b (c) 
(Dt^liUrii. ^^>'— x^>^-;i/, y'uj^y-- 20 

T-;!/. x^u>yy n-jv-t-zx^iUx— x-'k >?x^ 
U'>^y 5=-Jl/x— T^jl/, *xx^u>^yn 
— ;U^yx^;l/X-r';l/, :7'p b'U^^y 

[0015] mmit^^ (A) 1 ^ibccsturs^fb^ 
^ ( B ) ^ 0 , 4 3 "ejm^^m iytcmmm^f)^ib 30 

^\ "tbxmmit^m (a) i^tMcMLxmmit^^ 
<B)«:o. ob^jv&rFismofcKfZM^m^^at. 

1. 3 8feiT(Dis5f*^*TsigM?&^?fj)S$n-r. 

?%i>o^*^b^ (A) i^Ji^muram^ 

[0 0 16] mm^t^^ (A) i^^t-^fj (B) oc-^ 

*tl'5^TJU:3+->S<Dl^;PS/cO. 0. 5^;l/<i:tl 40 

^i^'&^mc&mm^mL. ■eL-cf#e»n/o-i<y>'a 

*t^c. S^^b^^a (A) <bS^{b^ (B) ^c^^n^S 

:^T.'l'P+^>S(^>l^;l/S;^cO. 1 0 0^;l/J:«3^C>a 

nmmvtj:{,>o ^<t^ (a) ism^^n (b) ^ 

1 --5 O-t/l/ffifflTSCDid^iRFtCjf * Ll\ 50 
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[0017] mmit^m (A) isig^b^i^ (B) cc^ 
ii>&c^s<DigK (D) i^mr^t. f#6n/cJi<y>>p 

*fcc. ^{b^igj (A) i^^b^ (B) ic^sns 

:^t;1'P+>'*cdi 2^;bJ:f5^Cia(7:>?g 

K (D) ^ms-m. n^^tifc^^vzyu^v-y^mm 
^^u. nidm^c^mcDwm (d) t^tp^^m^^ 

(A) tmmit^ (B) cc^sns^TJU=f=r5^gc^ 

l^;t'Jc*fUT. (D) ?:0. 2 5--l^;U^-r 

[0018] Sjag^^OfM^C^. J::iBS«^b^ 
(A) . mmit^ (B) . T)Va-j\y (C) 

(D) (Dfi&^c. B^MJcjgor. ^^^b^igj 

(A) l^;UC*tL/rO. 0 2'-'0. 2^)Vm&(D^fSC 

fcm^o i'ftLi^^fS.M (E) cD^iLT^i. 
y h y X h^>'>"7>. x^;l/ 

h y^ h4^^>^"7>. x^;l/h yxh+5;^i^^>. 
h";i/ h y y h^^i^v^^, :7*pfc*;uh yx h^i^v^ 
:/^;Uhy-?^ h^i^v^-^^. h y X m^i^ix' 

•^>^;l' h y ^ h+->i^^>, •^>5=';l/ h yx h 
^^^^'■^>. ^:7*^;u h y y m^>'>'^>. ^y^^jvh 

F7^^;l/h yx h=^^i/'^>, h y >^ 

Vi^^>. :7 3ix;i/ h yy F+v-i/^^, r7 3:x;i/hy 
xh^^i/^"7>. ex;uh yy h^=>'>/^>, t'x;i/h 

yxm^i^e/-^>, r-T ^yy'^t:)i'h V ^ h^zyiy 
r -T5 y:7'nt:';u h y X h^^^/S^-^V. r-^^ 
y K^-^r^-pfcVl/ h y>^ h + ix'>>^>, r-^yt^K 
^>'r^*ntvi/h yx h=^^->5^^>, r--^^^yn^v 
^''nbVU h yy h^^v'^'^V. r-^ y n:t^>/:7*p 

fcvuh yx h^->sx'^>^c<b'© h yTJUp+e^s^-^^. 

y>rj:a(D^^rJV::i^iyiy^>^smi^f^ti^o Ctl^^^ 
#arX«-«JW±M*^:bi±-CfflC^ S C <!: ^ S . 
[0019] Ctih(D^m ( E ) t^:. SW±(;:)^* 
@?{bS-l±5/cd&CDSS?:ffiTSlf2>C<t3t>5'C*. -eur 

(A) . mmit^m (b) . t;up--ji^ (o j&am 

itc<i:0. ^ii^iCti6(c|g^c±iB^^j (E) ^fln^ 
<. *6:!&^Da6r;Up-Jl/ (C) CcS®? (D) 



9 

mtmmit^ (a) . mmit^m (b) . ±n^m&m 
(A) . mmit^ (B) . TJia-'ji (c) Rzmm 

(D) CD±fBl:t^CDJSj:SS^ti. CtiCC^tti^^^ 

^ccita^^j (E) ti^w^ti^o -eurcnesis 

[0 02 0] 2j<»;>>n=<^lf>^^^3#-5/cd?)(DSpg^*. 

s^commrvusmrsmAv+^x^^ . mm. mm 
it^m (A) Rzmmit^ <b) tD^ftj^Mccstur 

-rjjo^^ffisn^o fflc^en/c^^L^i^ (A) 

j;:K^m^ri^m^mismtux. m(Dmm(^m^'r^c 
tiiCj:K^nhtii>m^^^mtLx. mimmM(Dmm 
m {F) tu^-r^ct^c^^m^ti^m^mtLxm 
m'r^cti)^xti>. c<Dmm^ (FXomtLx. n 

^cr;b=i-;u (c) ^^^mtr^^)itfyV;itm(tc 

±mmci^ orn D >f h^ijm&w&'fmmffi i o mm% 

&rfx^ti\it. mmoM^nM^cm^ct^^x^^. ^ 
(onkmmm (F) <LUT«. ^mm. ^it^tj:^i> 



(6) «FPi^9 - 2 0 8 8 9 8 
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[0 022] m?isi:m^cmmsti^c(Dmtimt ux 

S«iS^*SiO, (iCtmOXO, 5-'10SS%^W 
t-^?S^5$f^b<. CCDS i O. riiS;05O. 5m»%J: 

—m(om^xmf&sti^im<Dms:^m< 

10 s i o, mmtbx\t2^Bm&%i^^iiCiti'itLi^>a 
[ 0 0 2 3 ] sfti ur^i. c<D±i,cmmmm<D^}S. 

[0 024] m^±.iiCj\^iSL^tiicmmt. "tco^ ^mm 
20 itSMxi>m<>f)K ctiJc5fe2:tMa~8 o-c. 

< 5 0 8 0 "CX^m^ "^tcik. 8 0-4 5 0^ 0 

^L<«. 1 0 0--4 5 0^crjjoia$n'i>» ccdsoi^© 
^r^iiur^s-e 053^gg-c+^-c*€>o ccotmu 

(fCMLXU. 3 0 0 -CWiCDSS-Cto^.-r-ScDTl^^Mli 
4 5 0 •'Ccfc: OSJC^aS{i. ?f 6n/c®MCC+^?:^S 

[0 02 5] 

[^]Sfi«?l|] 

mmmi 

gSfe^^M 4 opjSS :7 ^ X n X ^ y - ;U 7 
0. 8g*ta:Ab. !iJ$T^cc(Dx^y-ji/W:lgMl 

2. 0 g^^^M'^o-^jjn-r^c<bccj:«9, ?g^<7:)x3?>^ 

11. 0 h yr';^:7;l':tn:t^^;Uh h^^v'V 
40 ^>6. 2g©®^^*fflTL/c. ST^Tf^fe. ilijfe 

[0 0 2 6 ] C(7>;»ffi (L,) ^^y^^a-^hy-^:? 

^Mjc^^ b/cf^. ^cD^jB^ 3 0 0 "CT' 3 0 ^mm-r 

50 6. 3 2 0 0 cm-^^^itti9 8 0 cm-*#ia^Ci^^>'- 



(7) 

11 

;l^{C<t5®jR*. 2 80 0cm-*>WjfiJC^^U'>S$C 
cfc'SeRiR^. 1 1 0 0 cm-"<^iafcs i -O-S i CC<J: 
SeRiR*. -ec/ri 2 0 0 cm-M^iaccC-FCCJ:^® 

[0 02 7] mMm2 

2. 4g*S:AL. «^TCCC(Di^^-;l/^cSMl 
2. 0g^4>S-:J-:>3§»D-r^Cik:cfc:0. JgKCDx^y' 

T^uo^* 5 mmm^^ fc^^-r c i j: >j o 

[0 02 8]RjKl^3 

iiilSg*ii^ot:f /c 4 opjgjc£;:7 ^ x n x ^ y 7 

2. og*ii>fi':5o?^j[jn-r-5ci^ct?). ?gKa:)xdf>' 20 

->^>1. 2fir<br-r^>':/Pfc:Vl/hy-?f m^i^i^^ 
>0. 6 gCDS^^rTFU/ci. 7rF^7f^4>. 
^ctm^ 5 B$FaMt:f /ct&ffeiPT S c <h ^ J: «3 3i< y ^> n + 
"9*><D?§vgt (La) «ri)liiL//c„ C©;^(L3) *:^7 

^>/v-ti|^^ffi3ntt*ir>/Co 30 
[0 02 9 ] ^1*6^^4 

nm(D=in>f KtS5^y:^7%S i Oz<bl^Tl 5. 7SS 

%^^T^y^^-;U^tfci^y V";l'^5 1 . 0g<hx 

[0 03 0] *Jg«?!l5 

llfiSFl3rf#6n/cS?S (La) 1 0 0 fftc. «lr^S8 
nmOnu-Y Ft^C>'y;^^S i O.iUri 5. 7SM 

%^Wr-5^3'^'->'i/^i!(>'y^y;u*7 6. 4€r<hx 40 
^>'-;l/2 2 3. 6 g^ttl^r+:^CC®^-r'5C<i:CC<J: 

0. jj<ys^n+if>(DS^s (Ls) ^mmi.tc. 
[003 1 ] tmm 1 

/c 4 op -7 ^ X CC x ^ y 4 3 . 
7g<i:'r h'7Xh + iy2>^>l 6. 6 g i h y t';^? ;!/ 

CC. x^y'-;l/2 4. 9g<b7k5. 4 g iM^^i Or^g 
MO. 1 g(Dig^4SSTL//co ?rFi(^7f^fe. aii^T 50 
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e>^7>cDto*^Jft?^3&^63i'5?S (Ls) «:iSSSU/Co 

[0 03 2 ] \mM2 

W^^^^^r>vyfc 4 oPSK;:^ 7 x 3 x :$? y 7 

2. Og^fSlAU. a^T(DCCDx^5^y--^;^^c^gMl 

I. 4 g^r^a-^o^Jn-r^cifCcfco. igMox^y 

II. 0 stt^^r'iyJlVV^ h^i^iy'7:y5. 6g 

(L,) 

[0 033] ft^ms 

Mi^'^^M^^^^fc 4 -^nJSK;:? n^cx ^ y 5 

3. 7 gi^h^x h+S/t/^>2 0. 8s^19lXLX 
S-^-r^CiCCcfcD. 7^ h "^x h^>/i^^>(Dx^y- 

mmL. mMT<DC(Dm^(,C. x^>^^7U2 0. Ogi 

CDn n Kt^i^ y S i Oz t or 3 OSS^^WT 
^y-;U^f5[>'y;^y;l/i& 1 0 0 g<bx^y-;U7 

0 0 g ^m^x+^(tcm^-r^ c itc j: 0 . m^m ( l 
.) ^mmbfc^ 
[0 0 3 4] m^me 

±tB?S (Lt) (L,) *^^iur. 

[0035] ±immwA(DmmRz/mim(DwiMv 
is. 1. 5 2(Dmirmt4r--5%<DKmm^m 

immnrmomMx « . wtmfit y n >ss<D*acc^ 

i^SaScDffliJSffi : J I S K 5 4 0 0 tc^i^© 

fflJr^OS'J^a : mm.it^ (*fe) MOx y :7-y ^ ^ 
-DVA-3 6L«:ffifflC/-C, ?gg6 3 3 n m(Z)3fe<Dffl 

[0036] mmmcowmt : (») s»sjf^0T» 

<D^7fe)feJSffUV3 1 0 0 PC^^Lr. ig?S5 5 0 

ymf&n(ommm : ^sfapffi^s^^ (») m(DBwmi& 



(8) ^ia*9-2 0 8 89 8 
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c 0 0 3 7 ] mm<DmMm ^m^<D-mmK. ti^ * c n mmm^^m. \ cc^^-r. 
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«:3 0 0-C. 3 50-C. 4 5 0 ''CCDt^^TncDSS-Cftl^ ±ttcDS«^cag|$#ec iJ&^r^-S. ;$:^0jO[)Mli(D 

ffi*5 5 0'crfti^-r^i. 1 0 ftWTOTfcSMft i f)K mi^(osio, m&^mmr^ct(icj:->x^m 

[0 039] mmm(Dm^m ( l, ) * 3 o o -ct?. m m—om.m^ uxmrn lx i>mnxA^tis. -mmmrn^ 

(Lj ^loovx. ^Lxmmm<Dm^miL,) t<E>» 

^SOOVX^ti^timmLXnf^tlfcmmm^'rtli^ 30 [0043] ®*fma«:Wr5ffiUi<D/l$d (nm) 

(Le) . R:/mm{t^ (B) ^i^fflL^cO^r-iaSiU m) iCOHCCt^. d= (2b- l) A/4a ({HU. b 

fctmmmism, ( l , ) (omm^ 300 -cr ijofsi-r « 1 iy±cosi^^«t-o ) ©m^^^^s^^-t ^ct i^m 

[0 04 0 ] h^T;l/n=^^$xV7><?:)Jja*:S^^®in T&i-C^^c 1. 3 2 (DSiFr^^WT ^M^Cc J: 

3 0 o-crjniJ»-r€>citcj:D?K^sn/c»je«. 1 . msi>^h(osstw±it. ±^(DAt€L(iCctiib(D^mh 

/t« 40 mi«b{C2S:f^A-r^C<i:CCJ:ort§6n5 

[0 04 1 ] 3 1 2nm(Dl^JiiJ¥5^t*ffl-r-E>CiCCj:oT??:gCC^ 
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